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Course Schedule (1)
Date Text Contents

#1 June 11 1, 7 Introduction to wireless communication systems

#2 June 14 2, 5, etc Link budget design of wireless access 

#3 June 18 Up/down conversion and equivalent baseband 
system

#4 June 21 3.3, 3.4 Digital modulation and pulse shaping

#5 June 25 3.5 Demodulation and matched filter

#6 June 28 Collaborative exercise for better understanding 1

#7 July 2 3.5 Detection and error due to noise

#8 July 5 4.4 Channel fading and diversity combining
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From Previous Lecture
• Equivalent baseband system

• Power spectrum of transmit signal

• Power spectrum of receive signal
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Contents

• Structure of transmitter
• Amplitude shift keying
• Phase shift keying
• Frequency shift keying
• Pulse shaping
• Experiments



Transceiver System
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Transmitter
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Transmitter

Analog modulation
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Design of Modulation & Pulse Shaping
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Amplitude Shift Keying (ASK)
Digital modulation

Pulse shaping (rectangular)

Analog modulation
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Main features
Error rate = Fair, Power efficiency = Fair, Complexity = Excellent
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Binary Phase Shift Keying (BPSK)
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Quadrature Phase Shift Keying (QPSK)

Digital modulation & pulse shaping
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Quadrature Amplitude Modulation (QAM)

Digital modulation & pulse shaping

)()()( DQDID tjststs +=
)(1)(2)( s4IIDI nTtaMtmts

n
n -=+-= å d

Analog modulation
s(t) = sBI (t)cos(2π f0t)− sBQ(t)sin(2π f0t)

)()( 2
BQ

2
BI tsts +=

� � � � � � 	
�

�

�

�

���
����
�



�
��
��
�
�


� � � � � � 	
�

�

�

�

���
����
�



�
��
��
�
�


Message sequence

Constellation

cos(2π f0t + atan(sBI (t), sBQ(t)))

�� �� �� � � � �

��

��

��

�

�

�

�

	
�
�

��
��
��

��������


�����������

16=M

Message signal 
16=M )( ,)( QI tmtmTwo 4-level sequences

Main features
Rate = Excellent, Error = Fair, Power, Fair, Complexity = Fair

åå -+-=
n

n
n

n nTtgajnTtgats )()()( srect4Qsrect4IB

)(1)(2)( s4QQDQ nTtaMtmts
n

n -=+-= å d



June 21, 2018 Wireless Communication Engineering 13

Binary Freq. Shift Keying (BFSK)

BFSK modulation
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Minimum Shift Keying (MSK)
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Nyquist Pulse
Frequency response

Impulse response
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Gaussian Pulse
Frequency response

Impulse response
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Impulse response

Sharpest response in both freq. & time
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Summary
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n IQ analog modulation
s(t) = sBI (t)cos(2π f0t)− sBQ(t)sin(2π f0t)

n Pulse shaping (band limitation) 

ttt d)()()( DB ò -= tsgts
• Rectangular
• Nyquist
• Gaussian

( ))()()()( DQDID tmftjststs =+=

n Digital modulation
• Amplitude
• Phase
• Frequency

Data rate, power efficiency, complexity, error rate

Bandwidth, error rate

Carrier frequency
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Experiment

Signal generator
• SMJ 100A �R&S�
• Modulation, pulse shaping

Osilloscope
• TDS 3034B (Tektoronix)
• Time domain analysis
• Constellation (X-Y) analysis

Spectrum analyzer
• FSQ 26 �R&S�
• Spectrum analyss

Set up
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BPSK(QPSK) + Rect. Pulse
BPSK QPSK
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QPSK + Nyquist Pulse
Rectangular pulse Nyquist pulse
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BFSK + Rect. Pulse
BFSK MSK
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MSK + Gaussian Pulse
Nyquist pulse, Gaussian pulse


